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A B S T R A C T

The 2020 Atlantic hurricane season was notable for a record-setting 30 named storms while, contemporane-
ously, the COVID-19 pandemic was circumnavigating the globe. The active spread of COVID-19 complicated
disaster preparedness and response actions to safeguard coastal and island populations from hurricane haz-
ards. Major hurricanes Eta and Iota, the most powerful storms of the 2020 Atlantic season, made November
landfalls just two weeks apart, both coming ashore along the Miskito Coast in Nicaragua’s North Caribbean
Coast Autonomous Region. Eta and Iota bore the hallmarks of climate-driven storms, including rapid intensi-
fication, high peak wind speeds, and decelerating forward motion prior to landfall. Hurricane warning sys-
tems, combined with timely evacuation and sheltering procedures, minimized loss of life during hurricane
impact. Yet these protective actions potentially elevated risks for COVID-19 transmission for citizens sharing
congregate shelters during the storms and for survivors who were displaced post-impact due to severe dam-
age to their homes and communities. International border closures and travel restrictions that were in force
to slow the spread of COVID-19 diminished the scope, timeliness, and effectiveness of the humanitarian
response for survivors of Eta and Iota. Taken together, the extreme impacts from hurricanes Eta and Iota,
compounded by the ubiquitous threat of COVID-19 transmission, and the impediments to international
humanitarian response associated with movement restrictions during the pandemic, acted to exacerbate
harms to population health for the citizens of Nicaragua.
© 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Our interdisciplinary team of collaborators has been writing regu-
larly about climate change effects on hurricane hazards and associated
population health consequences. Throughout 2020, we extended our
writing to describe the superimposed risks to public health associated
with climate-driven tropical cyclones striking populations worldwide
just as COVID-19 was sweeping the globe [1-4]. Here we describe the
impacts of the Atlantic season’s two strongest hurricanes, Eta and Iota,
coming ashore in Nicaragua in rapid succession.

The hyperactive 2020 Atlantic hurricane season produced an
unprecedented 30 named storms, concluding with Hurricanes Eta
and Iota, storms 28 and 30, that devastated portions of Central Amer-
ica. Just 13 days and two dozen kilometers apart, Eta and Iota both
made landfall near Puerto Cabezas, Nicaragua, pounding the coastline
with towering storm surge, pummeling settlements with 140 mph
and 155 mph eyewall wind speeds, and inundating the interior with
torrential rains that triggered flooding (Figure 1). Beyond the direct
exposure of the Nicaraguan population to Eta’s and Iota’s wind and
water hazards, threats to population health were complicated by
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Fig. 1. Trajectories of 2020 Hurricane Eta and 2020 Hurricane Iota moving across Central America
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multiple interrelated factors: 1) the effects of climate change on the
behavior of Atlantic tropical cyclones, 2) the overlay of active COVID-
19 transmission risks among hurricane survivors during the pre-vac-
cine era, and 3) worldwide border closures and travel restrictions
that impeded the humanitarian response.

With our co-authors providing expertise from the fields of atmo-
spheric science, population health science, Latin American studies,
humanitarian disaster response, and global mental health, we dis-
cuss, in sequence: how climate change is making tropical cyclones
more dangerous, defining features of the Eta and Iota hurricane
strikes, how the COVID-19 pandemic interacted with hurricane miti-
gation procedures and hindered the international response, and con-
siderations for dealing with future compound disaster scenarios. Our
team actively monitored the intersection of emergency response to
tropical cyclones worldwide throughout 2020 as COVID-19 circum-
navigated the globe [1-4].

Climate change is making Atlantic hurricanes more dangerous
and damaging

Hurricanes Eta and Iota were the third and second strongest
November storms on record in the Atlantic, respectively, reaching
peak wind speeds and low central pressures of 150 mph (923 mbar)
and 160 mph (917 mbar). No previous Atlantic season has seen two
major (Category 3 or higher) hurricanes in November.

Eta and Iota made meteorological history; never before had two
storms made landfall so close in time and place at Category 4 inten-
sity [5]. Iota had ramped up to Category 5 wind speeds shortly before
reaching the coast [6,7]. When Iota, the very last storm of the season,
reached Category 5 winds speeds, the number of consecutive Atlantic
hurricane seasons with one or more Category 5 storms was extended
to five years.

Climate change appears to be modifying the hazard properties
and potential destructiveness of tropical cyclones, partly explained
2

by the production of anomalously warm ocean and air temperatures
[8]. Indeed, seven consecutive years, 2014 through 2020, have been
the hottest years on record [9,10]. The year 2020, the focus of our dis-
cussion, and the year 2016, have been the warmest ever. NASA
declared a tie, [11] while NOAA estimated that 2016 was fractionally
warmer by hundredths of a degree [12].

Atmospheric scientists have demonstrated that, over a period of
decades, Atlantic hurricanes are becoming stronger and wetter, fre-
quently coupled with decelerating translational (forward motion)
speed as these storms approach coastlines and make landfall [8,13-
21]. Eta and Iota are exemplars of these stronger, wetter, slower-
moving attributes that increasingly distinguish Atlantic tropical
cyclones under the influence of climate change.

Regarding “stronger” storms, climate scientists have previously
observed an increase in the rotational wind speeds of the strongest
tropical systems, likely attributable to climate change [15]. Research
suggests that the likelihood of an Atlantic storm intensifying to
become a major hurricane (Category 3, 4, or 5 on the Saffir-Simpson
Hurricane Wind Scale) has increased by about eight percent per
decade over the past four decades [16,17,22].

In addition to the increasing proportion of major hurricanes, and
the considerable frequency with which storms attain very high peak
wind speeds, another feature of stronger climate-driven storms is
rapid intensification. Rapid intensification is defined as an increase in
rotational wind speeds of 35 mph—or more—within a 24-hour
period [23-25]. Ten of the 2020 Atlantic season’s 30 named storms
met this criterion. Eta and Iota both intensified in the anomalously
warm Western Caribbean waters that lingered late into the season,
the 9th and 10th storms of 2020 to do so [23-25]. Eta’s intensification
rate was particularly exceptional with wind speeds accelerating
upward by 75 mph in 24 h, and by an astonishing 105 mph within
36 h, just prior to moving onshore [24].

Moreover, consistent with what is known about climate change
transforming the hazard properties of Atlantic tropical cyclones, for
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both Eta and Iota, the translational speed of both systems decreased
on approach to Nicaragua’s eastern flank. This deceleration effect
increased the length of time when spiraling rainbands were produc-
ing heavy thunderstorm activity over Nicaragua and Honduras and
strong wave action was battering the east coast of Nicaragua. The
destructiveness of these water hazards was amplified by another cli-
mate effect, sea level rise.

Climate-driven hurricanes Eta and Iota created severe
consequences for population health

Hurricane Eta impact. In preparation for Eta’s two-story storm
surge, Nicaraguan President Daniel Ortega issued a red alert for the
North Caribbean Coast Autonomous Region (abbreviated RACCN in
Spanish), encouraging citizens to evacuate. The government pre-
staged 88 tons of food and supplies, including hygiene kits, in Puerto
Cabezas, close to the anticipated point of impact [26]. An estimated
10,000 citizens sheltered as Eta moved onshore. Eta caused extensive
flooding, roof damage, and power outages throughout the RACCN,
and disabled communications. Damages were estimated at $178 mil-
lion (USD). In Nicaragua, two deaths were blamed on a landslide trig-
gered by Eta. The International Federation of Red Cross and Red
Crescent Societies (IFRC) initiated a “massive, multi-country opera-
tion” to respond to the Central American countries affected by Eta;
other humanitarian response agencies coordinated their efforts
through the IFRC [27].

Hurricane Iota impact. The second and more devastating salvo
came with the arrival of Iota two weeks later. Iota was the strongest
hurricane in history to make landfall in Nicaragua. On approach to
the Nicaraguan coastline, Iota’s eyewall was producing a spectacle of
lightning strikes and hail. Iota’s massive storm surge set off flash
flooding along the coast, compounded by pelting rains that enlarged
the geographic expanse of inundation. Despite the immense strength
at initial impact, Iota’s winds rapidly diminished from major hurri-
cane to a tropical depression and then to a remnant low as the storm
encountered Nicaragua’s rugged mountainous topography, closely
mimicking what had happened with Eta two weeks earlier.

The Nicaraguan government’s tally of casualties in the first weeks
following Iota’s impact included 28 deaths and 29 persons missing
and unaccounted. Mortality from both Eta an Iota was modest, as has
been the case with the four hurricanes that previously struck Nicara-
gua during the 2000s (e.g. 2005 Hurricane Beta: 6 deaths; 2007 Hur-
ricane Felix: 130 deaths). None compare to the deadliest hurricane in
Nicaraguan history, 1998 Hurricane Mitch, that resulted in 3800
deaths as torrential rains caused the flank of the Casita volcano to
fail, producing a massive mudslide that buried entire communities.

Nicaragua estimated damages from Iota at $564 million (USD).
Government relief efforts focused on placing tents, erecting tempo-
rary medical facilities, and bringing supplies of food and water to the
ravaged RACCN. Debris remaining from Eta, as well as fresh destruc-
tion from Iota, hampered the rescue efforts. Food insecurity was
widespread, a consequence of extensive crop damage from Eta’s
landfall, later exacerbated by Iota’s nearly identical east-to-west tra-
jectory through Nicaragua. Taiwan provided critical emergency food
relief, quickly responding with a donation of 800 tons of rice.

Eta and Iota response. The United Nations Office for the Coordina-
tion of Humanitarian Affairs (OCHA) summarized the humanitarian
crisis in the near-term aftermath [28,29]. Flooding from Iota
extended across the entire Nicaraguan isthmus from the Caribbean
Miskito Coast to the Pacific shores. As a critical case in point, the
hard-hit municipality of Puerto Cabezas was cut off by a combination
of flooded roads, and near-total destruction of the two primary mar-
kets and the seaport [28]. This created major logistical challenges
because Puerto Cabezas, the gateway to the RACCN, was ground zero
for the impact of both Eta and Iota. Puerto Cabezas was not a singular
case; the Nicaraguan government reported disruption of
3

infrastructure in 56 municipalities with 98 percent of roadways dam-
aged or submerged [29].

An estimated 43,000 homes were severely damaged or destroyed,
creating significant displacement [29]. Three days post-impact, an
estimated 50,700 citizens—in need of food, medical attention, and
psychosocial evaluation and support—were distributed among 1195
active shelters [28]. Just one week later, OCHA estimated a much
larger number of storm-displaced survivors—190,000—housed in
“shelters and temporary accommodations,” based on data from the
International Organization for Migration (IOM) [29].

A total of 81 health care facilities (including 11 hospitals, 15
health centers, 42 primary health centers, and 5 maternity care facili-
ties) were damaged in the storms and the government estimated
almost $13 million in damages to the national public health system
[29]. Flooding of medical facilities disrupted operations due to electri-
cal power outages, destroyed medical equipment, and water-soaked
medications. A variety of infectious diseases were spreading in the
aftermath of the Eta and Iota impacts. UNICEF reported several hun-
dred cases of malaria erupting in community and shelter facilities,
likely due to increased mosquito breeding in stagnant water follow-
ing storm-associated flooding. Several cases of leptospirosis were
detected. Both HIV and tuberculosis rates were elevated, compared
to national averages, in the community of Wapum in the RACCN, pos-
sibly related to the storms [29].

Notably, but not surprisingly, information on COVID-19 cases in
storm-affected regions was not reported; Nicaragua’s COVID-19 case
counts had been consistently underreported since the arrival of the
pandemic in Central America [30]. The substantial undercounting
was confirmed in a discussion between author RCB and the former
Nicaraguan ambassador to the US. The fact that Eta and Iota primarily
impacted sparsely-populated rural areas with low COVID-19 preva-
lence rates diminished the risk of storm-associated transmission.
Encouragingly, neighboring Honduras and Guatemala, nations that
were also severely impacted by both storms, did not see a spike in
COVID-19 cases following Eta and Iota, and both countries maintain
robust COVID-19 surveillance systems.

Immediately post-impact, power outages were widespread and
telecommunications were disabled over large areas. The Nicara-
guan power company, Enatrel, sent brigades of electrical techni-
cians to the coast, restoring electrical service to half of the
160,000 households that initially lost power within several days.
A total of 53,000 families lost access to clean water in the after-
math of the two storms. Seventy-six schools were initially closed
due to damages sustained.

Revised estimates from the Nicaraguan government placed total
damages across both storms at $617 million (USD) and economic
losses at $121 million (USD) [29]. Adding response expenditures to
this sum, Nicaragua estimated that total storm costs would be equiv-
alent to six percent of the nation’s Gross Domestic Product (GDP).

Multiple UN “agencies, funds, and programs (AFPs)” and interna-
tional non-governmental organizations (INGOs) participated in the
response. For tens of thousands who were sheltering, Save the Chil-
dren, Plan International, IOM, UNICEF, and World Food Program
(WFP) provided food and basic needs items, while the government
focused on returning families safely to their homesites. WFP and UNI-
CEF were providing food assistance to the general populations of the
most impacted municipalities. Much of the work of WFP, including
logistics planning, was conducted in conjunction of the Sistema
Nacional para la Prevenci�on, Mitigaci�on y Atenci�on de Desastres
(SINAPRED), the Nicaraguan government’s disaster response agency.

UNICEF was distributing special nutritional supply kits and pro-
viding educational sessions for pregnant and breastfeeding women
and family caregivers. Given the severe storm damage to water sup-
plies, multiple INGOs were providing chlorine, hygiene kits, water fil-
ters, and educational workshops to help decrease risks for
waterborne disease outbreaks.
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Health care personnel, working long hours in damaged facilities,
were experiencing burnout. Identified needs for surge personnel and
for mental health and psychosocial support (MHPSS) were not being
adequately met.

To address this multiplicity of impacts on the health system, The
Nicaraguan Ministry of Health dispatched emergency brigades, medi-
cal teams, and mobile medical clinics to the worst-hit areas. Save the
Children initiated a health communications campaign aimed at
reducing transmission risks for COVID-19 and water-borne diseases.
UNICEF procured personal protective equipment (PPE) for 1000
health workers. PAHO brought in almost 20 medical teams for
deployment in Puerto Cabezas and surrounding municipalities. Pro-
phylactic treatment for leptospirosis was being provided to large
numbers of sheltering persons.

Superimposed risks for COVID-19 transmission among sheltered
residents and storm survivors

Throughout 2020, the COVID-19 pandemic produced widespread
illness and mortality worldwide. Globally, 2020 was characterized by
population-wide susceptibility to COVID-19 in the absence of effec-
tive treatments and efficacious vaccines. Multiple climate-driven
2020 Atlantic hurricanes resulted in devastation of island and coastal
populations where COVID-19 was actively circulating. Time-tested
actions—warning, evacuating, sheltering—have historically proven
effective for safeguarding populations from hurricane hazards. These
actions move people together, packing them into durable home and
community structures away from coastlines prior to impact and
throughout the duration of the storm. Indeed, the death tolls from
Eta and Iota in Nicaragua were modest because evacuation and shel-
tering saved lives.

Yet, in 2020, actions to protect populations from hurricanes also
increased the threat for COVID-19 transmission. Protective measures
to safeguard populations from hurricane hazards run counter to
COVID-19 community mitigation approaches—physical distancing,
closures, shutdowns, and prohibitions on mass gatherings—that
intentionally space people apart [1-4].

Research throughout the pandemic’s first year has readily demon-
strated COVID-190s ease of transmissibility. COVID-19 can spread via
large droplets expelled when someone coughs or sneezes, but equally
well by the airborne diffusion of aerosols comprised of tiny particles
that hover in the air, especially in enclosed spaces [31]. Sharing
crowded spaces for periods of hours or days amplifies risks for air-
borne spread. As many as 40 percent of persons infected with COVID-
19 experience no illness symptoms, yet these persons with outwardly
undetectable infection can shed COVID-19 and infect others [32].
Super spreader events account for high proportions of cases [33].
Each of these mechanisms may play a role in amplifying community
spread, especially when local residents are crowded into shelter envi-
ronments during and after the storm.

The population burden of COVID-19 in Nicaragua has been under-
reported, with more widespread infection, illness, and death than
official counts indicate. With an estimated 190,000 storm survivors
placed in community shelter environments one month following
impact,[29] and others doubled up in homes with family and friends,
the risk for COVID-19 spread was increased. For example, Plan Inter-
national surveyed shelters in one region and found the facilities in
acute need of food, water, sanitation, and personal protective equip-
ment (PPE). Post storm adversities, lack of sanitation and hygiene,
and crowding of survivors preclude many survivors from practicing
behaviors that limit COVID-19 infection risks: physical distancing,
limiting the size of gatherings, COVID-19 testing, and wearing masks.

On a global scale, COVID-19 also severely impeded the timely
arrival of humanitarian actors and relief supplies due to border clo-
sures, transportation shutdowns, and mandatory quarantines for
arriving teams [34]. The situation was complicated by Nicaraguan
4

government policies that limit the operations of international
response agencies and the distribution of aid.

Distinguishing vulnerabilities of the Nicaraguan population

The hurricanes slammed part of the Miskito Coast, a historically
autonomous region of Nicaragua populated by the indigenous
Miskito people. Infrastructure in this region of Nicaragua is substan-
dard, which likely contributed to the hurricanes’ profound devasta-
tion, with 43,000 structures damaged or destroyed. Since 2007, the
budget for SINAPRED, Nicaragua’s disaster response agency, has been
reduced by 58% to offset the government’s priority expenditures for
the military and the police. Therefore, in the aftermath of Eta and
Iota, the humanitarian response had to unfold in a region of the coun-
try where government services were notably lacking, and mistrust of
government—including entities participating in the disaster
response—was entrenched and longstanding.

Concluding comments

In January 2021, United Nations (UN) agencies and INGO partners
released highlights of their Plan of Action for Nicaragua, summarizing
the ongoing crisis following the twin strikes of Eta and Iota that
affected 60% of the country, but the RACCN most severely [35]. UN
partners identified a total of 731,000 persons in need, including one-
half million persons with inadequate access to basic health services,
490,000 lacking access to clean water supplies, 300,000 facing food
insecurity, and 230,000 dealing with structural damages to their
households caused by the storms [35]. Meanwhile, in the first quarter
of 2021, Nicaragua was negotiating with Russia to procure quantities
of its Sputnik V COVID-19 vaccine with the intention to initially vac-
cine 3.7 million persons (approximately 12% of the national popula-
tion); the population was almost universally unprotected during
early 2021.

Key lessons learned included powerful reinforcement for the
notion, grounded on science, that climate change is demonstrably
transforming the hazard properties of tropical cyclones worldwide,
including Atlantic hurricanes. The overlay of pandemic risks on top of
climate-driven extreme storm threats has signaled the need to priori-
tize surveillance of COVID-19 specifically, and airborne pathogens
generally, when upgrading disaster preparedness and response plans.
As one component of this approach, in the aftermath of Eta and Iota,
PAHO/WHO donated 40,000 antigen tests and 300,000 PCR tests to
bolster early COVID-19 detection at hurricane shelters in neighboring
Honduras. A related element is to accelerate programs to vaccinate
coastal and island populations against COVID-19 prior to the upcom-
ing 2021—and future—hurricane seasons. This will diminish the pre-
ventable infectious disease burden following hurricane impact.

Taken together, the Eta/Iota experience in Nicaragua represents a
consequential example of a complex threat to population health
involving the superimposed risks of climate-driven hurricanes inter-
secting with the COVID-19 pandemic.
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